This work in progress (WIP) describe a course project for freshman engineering course to accommodate students' academic variation. Freshman engineering students present a variety of challenges, including differences in preparation and motivation. At Grand Valley State University there is a first semester course entitled EGR 106 -Engineering Design I. Topics in this course include a multi-disciplinary introduction to basic electronics, programming Arduino hardware in C, computer aided design (CAD), computer numerical control (CNC), and basic manufacturing knowledge. Throughout the course the material is taught in interwoven threads that are integrated with a final course project, a robot. In previous semesters the project was a 'sumo bot' that the students design, built, debugged, and the competed against their classmates. By definition a competition has a winner and many 'non-winners'. While this recognizes excellence it can demoralize otherwise good students. A solution was developed to encourage student excellence while allowing more students to participate in a meaningful way. The competition was divided into multiple events with the requirement that a team must participate successfully in at least one event to receive a passing grade in the project. Winning an event would lead to better grades and limited bragging rights. Student teams that won or placed well in multiple events were ranked as overall winners and may earn extra credits. This tiered structure allowed teams with limitations to perform well, but encouraged the high achieving teams to stretch.
Introduction
Engineering freshmen at Grand Valley State University participate in a two courses sequence designed to explore the basic skills of electrical, computer, mechanical, and manufacturing engineering. The courses are EGR 106 -Engineering Design I and EGR 107 -Engineering Design II. The courses introduce computer aided design (CAD), computer aided manufacturing (CAM), microcontroller programming, and electrical interfacing. The lectures and laboratories are interwoven so that students may use the knowledge to design and build robots in the first course, and create more complicated work in the second course. This paper describes the robot project used in the first course of the sequence, EGR 106.
A course plan for one winter 2015 lecture section is provided in Appendix A. The course was offered as a two weekly 1.5 hour meetings for 14 weeks. The number of students in any section varied from 15 to 30. Typically one or two graduate students helped during the classes as teaching assistants.
The CAD and engineering graphics topics used the software Solidworks and were supported by a textbook by Shih [1] . Throughout the semester Solidworks was used with hand sketching and CNC machining. By the end of the semester students were able to design and build moderate complexity geometries, produce dimensioned drawings, and understand the basics of tolerancing.
Other topics such as project management, fasteners, and energy based design were introduced.
The software and electronic topics focused on an Arduino kit [2] , a free tutorial guide [3] , and a book by Pardum [4] . Students used the tutorials and book to explore the basics of microcontrollers. Small projects were used to allow exploration and application. By the end of the semester students were able to write structured programs with simple strings. Electrically they could deal with analog inputs/outputs, servo motors, distance sensors, and others self-selected.
Projects in engineering courses are effective to motivate students' interest in Engineering and enhance their understanding of the knowledge [5] [6] [7] . Thus, a semester project in EGR 106 was used to ensure that students were able to integrate and apply the knowledge. In previous semesters the project was a 'sumo bot'. These robots were designed and built by teams of two students. The competition began with two robots inside a ring. The competition ends when the loser is outside the ring. Students had limits on budgets, materials, and construction techniques. In general the better robot designs excelled, but there was a large element of chance. The end of semester competition would involve all course sections with approximately 50 to 100 robots. Ultimately the competition would produce one winner out of a very large field of competitors. Worse, the winning designs used a very simple strategy of turn-then-attack. There was little recognition of technical excellence.
The course instructors used a brainstorming session to develop ideas for a new competition type. Many ideas were generated and discarded. The fundamental problem is that a more complex competition would overwhelm less experienced students and favor those with previous knowledge and skills. Student motivation was another variable. Some groups are self-motivated, but the less motivated groups needed an option too. The compromise was to provide a number of events so that very strong students and teams could participate in more events and exercise their technical motivation and talent. Less enthusiastic students would be able to compete successfully by picking a specific event and focusing their energies. The result was a slate of six events with a requirements that students successfully participate in one to receive a passing grade. Higher grades were available for teams that excelled in one or more of the events. The result was robot teams with four members designing/redesigning more complex robots and doing more testing.
Organization of the Events
The detailed competition guidelines are provided in Appendix B. The six events made varied use of different capabilities. Line sensing was essential for the Lane Follower and Line Follower events. Each of these events required a different set of programming logic to excel. Careful mechanical design was required for the Tug of War, Cross Country, and Hill Climb events. Teams that chose to participate in multiple events had the added challenge of satisfying multiple objectives. Knowledge of electrical interfacing and programming was recognized by the Rhythmic gymnastics event. Figure 3 . Figure  4 shows a hill climb course.
Event 1 -Lane

inch width, then detect the lane to follow. The line has gaps in between some of the segments, a sharp corner, varying color intensity/color, and changing width of the line from ¼" to 3". The complexity of the line increases from the starting point to the end for the mentioned variables. If a robot is completely off the track for 10 seconds, the event is complete and the departure point is used for scoring. A robot that leaves the line must return to the line before the point it left. A sample course is shown in
Metric: Distance made through course in 120 seconds or time to complete.
Figure 3 -Line Follower Arena
Metric: Maximum sustained height reached.
Figure 4 -Hill Climb Arena
The event was made manageable with a clear set of milestones during the semester. Appendix A shows these in details but the essential steps are listed below. The process began the midpoint of the semester. Conceptual design was emphasized before detailed design. Students were not allowed to begin building before they had completed detailed design work. A couple of testing times were used late in the semester to provide an objective for student work. This is essential to avoid the teams that complete the work 5 minutes before the competition. 
The Outcomes
The competition ran over a 3 hour time slot. Robot inspection and testing was done before the competition day, so there were few surprises. Figure 5 shows some examples of qualified robots. Events were run simultaneously, except for the Hill Climb and Tug of War. These were used as an energy builder and a chance to tally scores. Figure 6 shows robots participating the lane and line follower games on the final competition day. The assessment of the final project includes the evaluation of the design process assignments (60%), the final project report (30%), and game competition grade (10%).
The project was an effective tool for students to exercise and comprehend the concept and knowledge that were taught through the entire semester in the course. The student needed to be able to graphically communicate two-and three-dimensional designs using both sketches and parametric modeling software, as a required documentation of the project report. In order to build the physical comments of the robot, they need to be able to apply principles of computeraided manufacturing tools and processes to construct. To control the robot to perform in a game, the students need to be able to write, test, and debug computer programs in the C programming language, build simple digital and analog electronic circuits. During the six weeks of robot design, the students formulated their own design, with the guidance by several design assignments. Earlier in the semester when the individual topics were first introduced, there were assignment given to the students. Comparing to the earlier assignments, the average grade of the project assignments increased by about 23%.
The multiple-games format of the 'Robot Olympiad' encourages a large group of students with varied aptitude and academic standing to maximize their ability and make an achievement. One important function of EGR 106 class is to expose the discipline to students and motivate their interest to pursue an engineering career. By the time they started their robot project, the students have shown varied proficiency on the topics taught. The previous 'sumo robot' game did an excellent job on recognizing excellence, but also discouraged those students with limitation. For example, in the previous 'sumo robot' semester, a team that is relatively weak at programming have little chance to complete the sumo function. And a lot of them got frustrated and almost gave up the entire project. The 'Robot Olympiad' provides opportunity for students that has limitation, because the games challenged the students with different focus. A team could choose a game according to their ability, and complete the task. It was observed that a higher percentage of students have shown more excitement about the game because of the flexibility provided to them. And usually a team with excellent academic standing will choose more than one game to participate, which increase their chance to "win" and to receive higher grade on the competition section. At the same time, a team with higher ability could participate more games to earn extra credits.
Conclusion
The 'Robot Olympiad' project was an excellent design and build work for first semester engineering students. The format and diversity of the game encourage participation in large group of students with varied motivation and aptitude. Students had the opportunity to comprehend the knowledge they learned throughout the semester in order to complete and succeed in the game. The competition will expanded by adding more games when the course is offered again in next year, to challenge students' ability in more perspectives. A weighting system will be utilized in the future to address the difficulty level for different events. 
